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Description 

TECHNICAL FIELD 

5 [0001 ] The present invention relates to an antenna device composed of a multi-element antenna operated at a plu- 
rality of frequencies. 

BACKGROUND ART 

10 [0002] Fig. 1 shows a construction of a conventional antenna device disclosed, for example, in U.S. Patent No. 
5828348; this example is the case of a 4-element antenna operated at two frequencies, and matching circuits connected 
to the 4-element antenna are the same. 

[0003] In Fig. 1, symbols 101a, 101b, 1 01c and 101 d denote antenna elements, symbols 102a, 102b, 102c and 102d 
denote parasitic antenna elements, symbols 103a, 103b, 103c and 103d denote matching circuits connected respec- 
ts tively to the antenna elements 1 01 a, 1 01 b, 1 01 c and 1 01 d, symbols 1 04a and 1 04b denote divider/combiner circuits 
using double branch line circuits for dividing an inputted signal into two signals with a phase difference of 90 degrees, 
numeral 1 05 denotes a 1 80-degree divider/combiner circuit for dividing an inputted signal into two signals with a phase 
difference of 1 80 degrees, and numeral 1 06 denotes an input/output terminal. 

[0004] Fig. 2 shows a cylindrical dielectric 30 on the surface of which an antenna portion composed of the antenna 
20 elements 101a, 101b, 101c, 101 d and parasitic antenna elements 102a, 102b, 102c, 102d of Fig. 1 is provided. As 
shown in the figure, the antenna elements 1 01 a, 1 01 b, 1 01 c and 1 01 d are formed on the outer surface of the cylindrical 
dielectric 30, while the parasitic antenna elements 1 02a, 1 02b, 1 02c and 1 02d are formed on the inner surface of inside 
diameter of the cylindrical dielectric 30. 

[0005] The operation of the antenna device will now be described. 

25 [0006] A signal inputted to the input/output terminal 106 is divided by the 1 80-degree divider/combiner circuit 105 
as signals having phases of 0 degree and -1 80 degrees. Thereafter, one of the signals is divided by the divider/combiner 
circuit 104a as signals having phases of 0 degree and -90 degrees, and the other is divided by the divider/combiner 
circuit 104b as signals having phases of -1 80 degrees and -270 degrees. At two operating frequencies f1 and f2, the 
1 80-degree divider/combiner circuit 1 05 realizes a phase distribution of 0 degree and -1 80 degrees, while the divider/ 

30 combiner circuits 104a and 104b realize a phase distribution of 0 degree and -90 degrees. 

[0007] In order to realize matching for each of the antenna elements 101a, 101b, 101c and 1 01d at the two frequen- 
cies f 1 and f2, a scattering matrix of the antenna is determined empirically or by calculation, and reflection coefficients 
in operation are determined using excitation amplitude and excitation phase. In this example, due to symmetry of the 
scattering matrix of the antenna and symmetry of the excitation phase, the reflection coefficients of the antenna ele- 

35 ments 101a, 101b, 101c and 101 d are equal. Accordingly, the matching circuits 103a, 103b, 103c and 103d connected 
respectively to the antenna elements 1 01 a, 1 01 b, 1 01 c and 1 01 d are the same. 

[0008] The entire divider/combiner circuit composed of the 1 80-degree divider/combiner circuit 1 05 and the divider/ 
combiner circuits 1 04a and 1 04b is large in size, as shown in Fig. 1 . Thus, as shown in Fig. 2, the entire divider/combiner 
circuit cannot be formed on the cylindrical dielectric 30, and, therefore, only the antenna portion composed of the 
40 antenna elements 101a, 101b, 101c, 101 d and the parasitic antenna elements 102a, 102b, 102c, 102d is formed on 
the cylindrical dielectric 30. 

[0009] Fig. 3 shows a conventional small-type divider/combiner circuit constructed by combining T. branches with 
lines of unequal lengths. In the figure, symbols 107a, 107b, 107c and 107d denote excitation terminals, numeral 108 
denotes an input/output terminal, and symbols 109a, 109b, 109c and 109d denote lines having lengths according to 
45 desired excitation phases. The lengths of the lines are such that 1 09a < 1 09b < 1 09c < 1 09d, and the excitation phase 
is progressively delayed in the order of 107a, 107b, 107c and 107d. 

[0010] In the small-type divider/combiner circuit composed of T branches and lines of unequal lengths shown in Fig. 
3, where the antenna device is operated at a plurality of frequencies, it is difficult to realize excitation with progressive 
phase shifts of a predetermined angle at all the frequencies. For example, where the lines 1 09a, 1 09b, 1 09c and 1 09d 
so are set for excitation with symmetric phases by providing progressive phase shifts of 90 degrees at a frequency f 1 , the 
progressive phase shifts of 90 degrees cannot be achieved but asymmetric excitation results at a frequency f2 different 
from the frequency f1 , and, therefore, the reflection coefficients at the antenna elements 101a, 101b, 101c and 101d 
are not eo^ial to each other. 

[0011] Since the conventional antenna devices are constituted as described above, there is the problem that the 
55 1 80-degree divider/combiner circuit 1 05 and the divider/combiner circuits 1 04a and 1 04b for excitation with progressive 
phase shifts of a predetermined angle at operational frequencies f1 and f2 become very large, as shown in Fig. 1 . 
[0012] Therefore, where the antenna elements 101a, 101b, 101c, 101d, the matching circuits 103a, 103b, 103c, 
103d, the divider/combiner circuits 104a, 104b and the 180-degree divider/combiner circuit 105 shown in Fig. 1 are 
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formed on respective substrates and the substrates are connected to each other by cables or other connecting mech- 
anisms, there is the problem that the antenna device as a whole becomes very large. 

[0013] Besides, in the case of the small-type divider/combiner circuit composed of the T branches and the lines of 
unequal lengths shown in Fig. 3, there is a problem that it is difficult to achieve excitation with progressive phase shifts 

5 of a predetermined angle at both the operational frequencies f 1 and f2, so that the reflection coefficients at the antenna 
elements 101a, 101b, 101c and 1 01d are not equal to each other, so that matching cannot be attained. 
[0014] The present invention has been made to solve, the above-mentioned problems. Accordingly, It is an object 
of the invention to obtain an antenna device which realizes smallness in size by using a small-type divider/combiner 
circuit such as the one shown in Fig. 3 and makes it possible to attain matching of a multi-element antenna at a plurality 

10 of operational frequencies by connecting different matching circuits respectively to the antenna elements 101a 101b 
101c and 101d. 

[0015] It is another object of the invention to obtain an antenna device which is reduced in overall size by integrally 
forming antenna elements, matching circuits and divider/combiner circuits on a cylindrical dielectric. 

is DISCLOSURE OF THE INVENTION 

[0016] According to the present invention, there is provided an antenna device comprising a plurality. of antenna 
elements operated at a plurality of frequencies, a divider/combiner circuit for exciting the plurality of antenna elements 
at desired phases, and matching circuits each connected to the antenna element at one end and connected to the 

20 divider/combiner circuit at the other end, the matching circuits corresponding to reflection coefficients of the antenna 
elements determined by taking into account the coupling between the antenna elements occurring when the antenna 
elements are excited with corresponding excitation amplitudes and excitation phases at each of the frequencies. 
[0017] This is effective in that it is possible to attain impedance matching of each of the antenna elements at the 
plurality of operational frequencies. 

25 [0018] According to the present invention, there is provided an antenna device wherein the divider/combiner circuit 
is constructed by combining T branches with different-length lines. 
[0019] This is effective in that the antenna device can be made smaller in size. 

[0020] According to the present invention, there is provided an antenna device wherein branch line circuits are used 
as the divider/combiner circuit. 

30 [0021] This is effective in that the antenna device can be made smaller in size, and designing of the matching circuits 
can be easily realized. 

[0022] According to the present invention, there is provided an antenna device wherein the plurality of antenna ele- 
ments, the divider/combiner circuit and the matching circuits are integrally formed on a surface of a cylindrical dielectric. 
[0023] This is effective in that the antenna device can be made smaller in size. 
35 [0024] According to the present invention, there is provided an antenna device wherein parasitic antenna elements 
are disposed in the vicinity of said antenna elements. 

[0025] This is effective in that a desired radiation pattern can be obtained from the antenna device. 
[0026] According to the present invention, there is provided an antenna device wherein the plurality of antenna ele- 
ments, the divider/combiner circuit and the matching circuits are integrally formed on a surface of a first cylindrical 
40 dielectric and the parasitic antenna elements are integrally formed on a surface of a second cylindrical dielectric different 
in inside diameter from the first cylindrical dielectric. 

[0027] This is effective in that the antenna device can be made smaller in size. 
BRIEF DESCRIPTION OF THE DRAWINGS 

45 

[0028] 

Fig. 1 is a development of an antenna device according to the prior art. 
Fig. 2 shows a conventional cylindrical dielectric on which antenna elements are formed. 
50 Fig. 3 shows a small-type divider/combiner circuit according to the prior art. 

Fig. 4 shows the constitution of an antenna device according to Embodiment 1 of the present invention. 
Fig. 5 is a development of the antenna device according to Embodiment 1 of the present invention. 
Fig. 6 is a development of an antenna device according to Embodiment 2 of the present invention. 

55 BEST MODE FOR CARRYING OUT THE INVENTION 

[0029] In order to describe the present invention in further detail, the best mode for carrying out the invention will 
now be described referring to the drawings. 
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Embodiment 1 



[0030] Fig. 4 shows the constitution of an antenna device according to Embodiment 1 of the present invention, and 
Fig. 5 is a development of the antenna device of Fig. 4. 
5 [0031] In Figs. 4 and 5, symbols 1a, 1b, 1c and 1d denote antenna elements, symbols 2a, 2b, 2c and 2d denote 
capacitors, symbols 3a, 3b, 3c and 3d denote matching circuits, numeral 4 denotes a divider/combiner circuit, and 
numeral 5 denotes an input/output terminal. 

[0032] The divider/combiner circuit 4 is composed of T branches and lines of unequal lengths, and is characterized 
by simple structure and small size. The line extending from the input/output terminal 5 is coupled to two routes at a T 
10 branch, and each of the two routes has a T branch; thus, a total of four routes are provided. The distances in the 
respective routes from the input/output terminal 5 to the antenna elements 1 a, 1 b 1 c and 1 d generally differ from each 
other in units of 1/4 of a wave length at a given frequency. The differences in line length cause the generation of phase 
differences of 0 degree, -90 degrees, -1 80 degrees and -270 degrees at the antenna elements 1 a, 1 b, 1 c and 1 d. 
[0033] Where two frequencies are used in operation, it is difficult to attain phase differences of 0 degree, -90 degrees, 
-180 degrees and -270 degrees for both of the two frequencies f1 and f2. In this embodiment, therefore, the divider/ 
combiner circuit 4 is so designed that excitation phases of 0 degree, -90 degree, -180 degree and -270 degree are 
obtained at the terminals on the side of the antenna elements 1 a, 1 b, 1 c and 1 d at one frequency f 1 of the two operational 
frequencies. 

[0034] In Fig. 4, numeral 1 0 denotes a cylindrical dielectric (first cylindrical dielectric), numeral 20 denotes a cylindrical 
20 dielectric (second cylindrical dielectric) smaller in inside diameter than the cylindrical dielectric 10, and symbols 21a, 

21b, 21c and 21 d denote parasitic antenna elements formed on the surface of the cylindrical dielectric 20. 

[0035] A ground conductor is plated on a lower portion, outside the antenna elements 1a, 1b, 1cand1d, of the inside 

of the cylindrical dielectric 10. No ground conductor is provided on a higher portion of the inside of the cylindrical 

dielectric 10 opposite the antenna elements 1a, 1b, 1c and 1d. The cylindrical dielectric 20 on which the parasitic 
25 antenna elements 21a, 21 b, 21c and 21 d are formed is so designed as to be fitted in the cylindrical dielectric 10. The 

cylindrical dielectric 20 is so disposed as to overlap a portion of the cylindrical dielectric 10 while in operation. 

[0036] While the capacitors 2a, 2b, 2c and 2d are provided for matching in this embodiment, they can be omitted if 

characteristics provided by the capacitors 2a, 2b, 2c and 2d are included in the matching circuits 3a, 3b, 3c and 3d. 

[0037] The operation of the antenna device will now be described. 
30 [0038] Where the antenna elements 1a, 1b, 1c and 1d are arranged symmetrically, a scattering matrix as viewed 

from the terminals of the antenna elements 1 a, 1 b 1 c and 1 d has a symmetric form given by the following Eq. 1 . 





S dd - S bb " S cc - S aa 




35 


S dc = S cd = S ba = S ab = S bc = S cb = S ad = S da 






S ac = S ca = S db = S bd 


Eq.1 



[0039] In the above Eq. 1 , Sy (I = a to d, j = a to d) indicates a coupling coefficient between an antenna element j 
and an antenna element i, and S u indicates a reflection coefficient of the antenna element i, wherein it is assumed 
that the antenna elements other than the antenna element i are terminated in a no-reflection state. These values are 
obtained by measurement or calculation in a state where the parasitic antenna elements 21a, 21b, 21c and 21 d are 
fitted. 

[0040] A scattering matrix of the divider/combiner circuit 4 is obtained by measurement or calculation as a scattering 
matrix composed of five terminals, that is, the input/output terminal 5 and the four terminals of the antenna elements 
1a, 1b, 1c and 1 d. By using the scattering matrix as viewed from the terminals ofthe antenna elements 1a, 1 b, 1c, 1 d 
and the scattering matrix of the divider/combiner circuit 4, there are obtained excitation amplitudes and excitation 
phases of the antenna elements 1a, 1b, 1c and 1d at the terminals of the antenna elements 1a, 1b, 1c and 1d in a 
state where the antenna elements 1a, 1b, 1c and 1d are connected to the divider/combiner circuit 4. 
[0041] In Fig. 5, the divider/combiner circuit 4 is here so designed that signals having excitation phases of 0 degree, 
-90 degrees, -1 80 degrees, -270 degrees and the same excitation amplitude are obtained at the terminals ofthe antenna 
elements 1 a, 1 b, 1 c and 1 d at a given frequency f 1 . At this time, as given by the following Eq. 2, the reflection coefficients 
r a , r b , r c and r d ofthe antenna elements 1a, 1b, 1c and 1d determined by taking into account the coupling between 
the antenna elements 1a, 1b, 1c and 1d at the terminals of the antenna elements 1a, 1b, 1c and 1d have the same 
value r 0 . 
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r fl = S aa + S ab ■ e 2 + S ac - + S ad - e& 
5 r b = S bb + Slx . e"| + S w • e j " + Sfca • 

ro r d = + S da ■ + S db ■ e jn + . e 7 5 Eq< 2 

[0042] In contrast, at a frequency f2 different from the frequency f1 , the excitation phases at the terminals of the 
antenna elements 1 a, 1 b, 1 c and 1 d are not equal to 0 degree, -90 degrees, -1 80 degrees and -270 degrees, but have 
slightly deviated values. Assuming the excitation phases to be p1 degrees, p2 degrees, p3 degrees and p4 degrees 
15 and assuming the excitation amplitudes to be M1 , M2, M3 and M4, the reflection coefficients r t , r 2 , r 3 and r 4 deter- 
mined by taking into account the coupling of the antenna elements 1a, 1b, 1c and 1d at the terminals of the antenna 
elements 1 a, 1 b, 1 c and 1 d have different values given by the following Eq. 3. 



T 1 = (S„ ■ e /Pl + S ab • M 2 / 2 + S ac • M 3 e p3 + S ad . W 4 a% ^ / 1 
T 2 - <S te • M, e /Pl + • M 2 J P2 + S te - Af 3 e^+ S w . M A J P *)/M 2 J P2 

T 3 = (S ca . A*,/ 1 * S cb • M 2 J P2 +Scc • M 3 e P \Scd ■ mJ ?a )ImJ P * 
T 4 = (S da • M, / 1 + S d/3 • yW 2 e /P2 + S dc ■ yw 3 e^ 3 + S dd • M 4 J Pa )/mJ Pa Eq. 3 

[0043] The matching circuits 3a, 3b, 3c and 3d are so sized as to match the reflection coefficient r 0 of the antenna 
elements 1a, 1b, 1c and 1d given by Eq. 2 above at the frequency f1 , and to match the reflection coefficients r 1f r 2 , 
r 3 and r 4 of the antenna elements 1 a, 1 b, 1 c and 1 d give by Eq. 3 at the frequency f2. Therefore, the matching circuits 
3a, 3b, 3c and 3d differ in size. 

[0044] The excitation amplitudes and the excitation phases of the antenna elements 1 a, 1 b 1c and 1 d obtained by 
the above calculation have values somewhat deviated from the initial values, due to the connection of the differentfy- 
sized matching circuits 3a, 3b, 3c and 3d. Taking into account the characteristics of the matching circuits 3a, 3b, 3c 
and 3d connected, excitation amplitudes and excitation phases of the antenna elements 1a, 1b, 1c and 1d are newfy 
calculated, and the matching circuits 3a, 3b, 3c and 3d are re-designed using the newly obtained excitation amplitudes 
and excitation phases. This process is repeated, so as to accomplish more accurate designing. 
[0045] By designing the sizes of the matching circuits 3a, 3b, 3c and 3d to match the different reflection coefficients 
of the antenna elements 1a, 1b, 1c and 1d in the manner as described above, it is possible to realize an antenna device 
having excellent characteristics even when a divider/combiner circuit 4 incapable of realizing the excitation phases of 
0 degree, -90 degree, -1 80 degree and -270 degree at the two frequencies f 1 and f2 is used. 

[0046] Besides, by using the divider/combiner circuit 4 which is simple in structure and small in size, it is possible to 
integrally form the antenna elements 1a, 1b, 1c, 1d, the capacitors 2a, 2b, 2c, 2d, the matching circuits 3a, 3b, 3c, 3d 
and the divider/combiner circuit 4 on the cylindrical dielectric 1 0. 
45 [0047] Furthermore, the cylindrical dielectric 20 is so disposed as to overlap a portion of the cylindrical dielectric 1 0 
while in operation and the parasitic antenna elements 21 a, 21 b, 21 c and 21 d are disposed in the vicinity of the antenna 
elements 1a, 1b 1c and 1d, so that a desired radiation pattern can be radiated from the antenna device. 
[0048] While two operational frequencies are used in this embodiment, three or more frequencies may be adopted. 
In addition, while four antenna elements are used in this embodiment, the requirement is that at least two antenna 
elements are used. Further, while four parasitic antenna elements are used in this embodiment, the requirement is that 
at least two parasitic antenna elements are used. 

[0049] Besides, while the divider/combiner circuit 4 in this embodiment is so designed that the same excitation am- 
plitude and the excitation phases of 0 degree, -90 degree, -1 80 degrees and -270 degrees are realized at the terminals 
on the side of the antenna elements 1 a 1 b, 1c and 1d at the frequency fl and that different excitation amplitudes and 
different excitation phases are realized at the frequency f2, the divider/combiner circuit 4 may also be so designed that 
different excitation amplitudes and excitation phases as close as possible to 0 degree, -90 degrees, -180 degrees and 
-270 degrees are realized at both of frequencies f 1 and f2. 
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[0050] While the parasitic antenna elements 21a, 21b, 21c and 21 d are integrally formed on the cylindrical dielectric 
20 smaller in inside diameter than the cylindrical dielectric 1 0 and the cylindrical dielectric 20 is inserted in the cylindrical 
dielectric 10 in this embodiment, the parasitic antenna elements 21a, 21b, 21c and 21 d may be integrally formed on 
a cylindrical dielectric 20 larger in inside diameter than the cylindrical dielectric 1 0 so that the cylindrical dielectric 1 0 
5 can be inserted in the cylindrical dielectric 20. In addition, the parasitic antenna elements 21a, 21b, 21c and 21 d may 
be integrally formed on the inner surface of the cylindrical dielectric 1 0, instead of using the cylindrical dielectric. 20, 
as long as the height of the cylindrical dielectric 10 is maintained. 

[0051] As described above, according to this Embodiment 1, the matching circuits 3a, 3b, 3c and 3d are made to 
correspond to the reflection coefficients of the antenna elements 1a, 1b 1c and 1d determined by taking into account 
10 the coupling between the antenna elements 1a, 1b, 1c and 1d occurring when the antenna elements 1a, 1b 1c and 1d 
are excited according to the corresponding excitation amplitudes and excitation phases at operational frequencies, so 
that the impedance matching can be attained. 

[0052] In addition, according to this Embodiment 1 , the divider/combiner circuit 4 is composed of T branches and 
lines of unequal lengths simple in structure and small in size, so that the antenna device can be made smaller in size. 
15 [0053] Further, according to this Embodiment 1 , a plurality of antenna elements 1 a, 1 b, 1 c, 1 d, the divider/combiner 
circuit 4 and the matching circuits 3a, 3b, 3c, 3d are integrally formed on the surface of the cylindrical dielectric 10, so 
that the antenna device can be made smaller in size. 

[0054] Furthermore, according to this Embodiment 1, the parasitic antenna elements 21a, 21b, 21c and 21 d are 
disposed in the vicinity of the antenna elements 1 a, 1 b, 1 c and 1 d at the time of operation, so that a desired radiation 
20 pattern can be radiated from the antenna device. 

[0055] Furthermore, according to this Embodiment 1, the parasitic antenna elements 21a, 21b, 21c and 21 d are 
integrally formed on the surface of the cylindrical dielectric 20 different in inside diameter from the cylindrical dielectric 
10, so that the device can be made smaller in size. 

25 Embodiment 2 

[0056] Fig. 6 is a development of an antenna device according to Embodiment 2 of the present invention. In this 
embodiment, the divider/combiner circuit 4 in Embodiment 1 is replaced by a divider/combiner circuit using branch line 
circuits. 

30 [0057] In Fig. 6, symbols 1a, 1b 1c and 1 d denote antenna elements, symbols 2a, 2b, 2c and 2d denote capacitors, 
symbols 3a, 3b, 3c and 3d denote matching circuits, numeral 8 denotes a divider/combiner circuit using branch lines 
circuits, and numeral 5 denotes a signal input/output terminal. 

[0058] The divider/combiner circuit 8 is larger than the divider/combiner circuit 4 composed of T branches and lines 
of unequal lengths in Embodiment 1, but is smaller than that using the divider/combiner circuits 104a, 104b, using the 
35 double branch circuits, and the 1 80-degree divider/combiner circuit 1 05 according to the prior art. In the divider/com- 
biner circuit 8, a loop line connected to the input/output terminal 5 gives a phase difference of 180 degrees, and the 
subsequent lines give phase differences of 90 degrees. 

[0059] Where two operational frequencies are used, it is difficult to realize phase differences of 0 degree, -90 degrees, 
-1 80 degrees and -270 degrees at both of the frequencies f 1 and f2; in this embodiment, therefore, the divider/combiner 
40 circuit 8 is so designed that excitation phases of 0 degree, -90 degrees, -1 80 degrees and -270 degrees are attained 
at terminals on the side of the antenna elements 1 a, 1 b, 1 c and 1 d at one frequency f 1 of the two operational frequencies. 
[0060] The operation of the antenna device will now be described. 

[0061] Where the'antenna elements 1a 1b, 1c and 1d are disposed symmetrically, the scattering matrix as viewed 
from the terminals of the antenna elements 1a, 1b, 1c and 1d assumes a symmetric form as shown in Eq. 1 above. In 

45 Fig. 6, the divider/combiner circuit 8 here is so designed that signals having excitation phases of 0 degree, -90 degrees, 
-180 degrees and -270 degrees and the same excitation amplitude are obtained at the terminals on the side of the 
antenna elements 1a, 1b, 1c and 1d at a certain frequency f1 . In this case, from Eq. 2 above, the reflection coefficients 
r a , r b , r c and r d of the antenna elements 1a, 1b 1c and 1d determined by taking into account the coupling between 
the antenna elements 1a, 1b 1 c and 1d at the terminals of the antenna elements 1 a 1b 1c and 1d have the same value T 0 . 

so [0062] In contrast, at a frequency f2 different from the frequency f1 , the excitation phases at the terminals of the 
antenna elements 1a, 1b, 1c and 1d are generally not 0 degree, -90 degrees, -180 degrees and -270 degrees but have 
slightly deviated values. Assuming the actual excitation phases to be p1 degrees, p2 degrees, p3 degrees and p4 
degrees and the excitation amplitudes to be M1 , M2, M3 and M4, the reflection coefficients H, , r 2 , r 3 and r 4 determined 
by taking into account the couplings between the antenna elements 1a, 1b, 1c and 1 d at the terminals of the antenna 

55 elements 1a, 1b, 1c and 1d have different values as given by Eq. 3 above. 

[0063] The matching circuits 3a, 3b, 3c and 3d are so designed as to match the reflection coefficients r 0 of the 
antenna elements 1a, 1b 1c and 1d given by Eq. 2 above at the frequency f1 and to match the reflection coefficients 
r 1t r 2 , T 3 and r 4 of the antenna elements 1a, 1b, 1c and 1d given by Eq. 3 above at the frequency f2. Accordingly, 
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the matching circuits 3a, 3b, 3c and 3d are different in size. 

[0064] The operation of this embodiment is generally the same as the operation of Embodiment 1 , but is characterized 
in that, since the divider/combiner circuit 8 is composed using the branch line circuits, the excitation phases of the 
antenna elements 1 a, 1b, 1c and 1d at the two frequencies f1 and f2 are not seriously deviated from 0 degree, -90 
degrees, -1 80 degrees and -270 degrees, so that the matching circuits 3a, 3b, 3c and 3d differ only slightly from each 
other and it is easy to design the matching circuits 3a, 3b, 3c and 3d. 

[0065] In this manner the sizes of the matching circuits 3a, 3b, 3c and 3d are designed so as to correspond to the 
different reflection coefficients of the terminals of the antenna elements 1 a, 1 b, 1 c and 1 d, so that an antenna device 
having excellent characteristics can be realized even when a divider/combiner circuit 8 which cannot necessarily realize 
the excitation phases of 0 degree, -90 degrees, -1 80 degrees and -270 degrees at the two frequencies f1 and f2 is used. 
[0066] In addition, the use of the small type divider/combiner circuit 8 makes it possible to integrally form the antenna 
elements 1a, 1b, 1c, 1d, the capacitors 2a, 2b, 2c, 2d, the matching circuits 3a, 3b, 3c, 3d and the divider/combiner 
circuit 8 on the cylindrical dielectric 10. 

[0067] Further, the cylindrical dielectric 20 is so disposed while in operation as to overlap a portion of the cylindrical 
dielectric 10 and the parasitic antenna elements 21a, 21b, 21c and 21 d are disposed in the vicinity of the antenna 
elements 1a, 1b, 1c and 1d, so that a desired radiation pattern can be radiated from the antenna device. 
[0068] While two operational frequencies are used in this embodiment, the requirement is that at least two frequencies 
are used. Besides, while four antenna elements are used in this embodiment, the requirement is that at least two 
antennal elements are used. Further, while four parasitic antenna elements are used in this embodiment, the require- 
20 ment is that one or a plurality of parasitic antennas are used. 

[0069] While the divider/combiner circuit 8 in this embodiment is so designed that the same excitation amplitude and 
excitation phases of 0 degree, -90 degrees, -1 80 degrees and -270 degrees are obtained at the terminals of the antenna 
elements 1a, 1b, 1c and 1d at the frequency f1 and that different excitation amplitudes and different excitation phases 
are obtained at the frequency f2, the divider/combiner circuit 8 may be so designed that different excitation amplitudes 
and excitation phases as close as possible to 0 degree, -90 degrees, -180 degrees and -270 degrees are obtained at 
both of the two frequencies f1 and f2. 

[0070] While the parasitic antenna elements 21 a, 21 b, 21 c and 21 d are integrally formed on the cylindrical dielectric 
20 smaller in inside diameter than the cylindrical dielectric 1 0 and the cylindrical dielectric 20 is inserted in the cylindrical 
dielectric 10 in this embodiment, the parasitic antenna elements 21a, 21b, 21c and 21 d may be integrally formed on 
a cylindrical dielectric 20 larger in inside diameter than the cylindrical dielectric 10 so that the cylindrical dielectric 10 
can be inserted in the cylindrical dielectric 20. Besides, the parasitic antenna elements 21 a, 21 b, 21 c and 21 d may be 
integrally formed on the inner surface of the cylindrical dielectric 10, instead of using the cylindrical dielectric 20, as 
long as the height of the cylindrical dielectric 1 0 is maintained. 

[0071] As described above, according to this Embodiment 2, the matching circuits 3a, 3b, 3c and 3d are designed 
to correspond to the reflection coefficients of the antenna elements 1 a, 1 b, 1 c and 1 d determined by taking into account 
the coupling between the antenna elements 1a, 1b, 1c and 1d occurring when the antenna elements 1a, 1b, 1c and 
1d are excited with corresponding excitation amplitudes and excitation phases, so that impedance matching can be 
attained. 

[0072]. In addition, according to this Embodiment 2, the branch line circuits are used as the divider/combiner circuit 
40 8, so that the antenna device can be made smaller in size. 

[0073] Further, according to this Embodiment 2, a plurality of antenna elements 1a, 1b, 1c, 1d, the divider/combiner 
circuit 8 and the matching circuits 3a, 3b, 3c, 3d are integrally formed on the surface of the cylindrical dielectric 10, so 
that the antenna device can be made smaller in size. 

[0074] Furthermore, according to this Embodiment 2, the parasitic antenna elements 21a, 21b, 21c and 21 d are 
45 disposed in the vicinity of the antenna elements 1 a, 1 b, 1 c and 1 d at the time of operation, so that a desired radiation 
pattern can be radiated from the antenna device. 

[0075] Furthermore, according to this Embodiment 2, the parasitic antenna elements 21a, 21b, 21c and 21 d are 
integrally formed on the surface of the cylindrical dielectric 20 different from the cylindrical dielectric 1 0 in inside diam- 
eter, so that the antenna device can be made smaller in size. 

Industrial Applicability 

[0076] As has been described above, the antenna device according to the present invention comprises matching 
circuits corresponding to antenna elements and is thereby suitable for reduction in size. 
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Claims 

1. An antenna device comprising a plurality of antenna elements operated at a plurality of frequencies, a divider/ 
combiner circuit for exciting said plurality of antenna elements at desired phases, and matching circuits each 
5 connected to said antenna element at one end and connected to said divider/combiner circuit at the other end, 

said matching circuits corresponding to reflection coefficients of said antenna elements determined by taking into 
account the coupling between said antenna elements occurring when said antenna elements are excited with 
corresponding excitation amplitudes and excitation phases at each of said frequencies. 

10 2. The antenna device according to claim 1 , wherein said divider/combiner circuit is constructed by combining T 
branches with lines of unequal lengths. 

3. The antenna device according to claim 1 , wherein branch line circuits are used as said divider/combiner circuit. 

15 4. The antenna device according to claim 1 , wherein said plurality of antenna elements, said divider/combiner circuit 
and said matching circuits are integrally formed on a surface of a cylindrical dielectric. 

5. The antenna device according to claim 1 , wherein parasitic antenna elements are disposed in the vicinity of said 
antenna elements. 

20 

6. The antenna device according to claim 5, wherein said plurality of antenna elements, said divider/combiner circuit 
and said matching circuits are integrally formed on a surface of afirst cylindrical dielectric and said parasitic antenna 
elements are integrally formed on a surface of a second cylindrical dielectric different in inside diameter from said 
first cylindrical dielectric. 
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